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(54) Control of infinitely variable transmission 

(57) In an infinitely variable transmission, a contin- 
uously variable transmission (2) outputs the rotation of 
an input shaft (1 ) at an arbitrary speed ratio, and a fixed 
speed ratio transmission (3) outputs the rotation of the 
input shaft (1) at a fixed speed ratio. A planetary gear 
set (5) varies the rotation direction and speed of the out- 
put shaft (6) according to the difference of the output 
rotation speed of the fixed speed ratio transmission (2) 



and the output rotation speed of the continuously varia- 
ble transmission (2). A sensor (81) which detects the 
rotation speed of the input shaft (1) and a sensor (82) 
which detects the output rotation speed of the continu- 
ously variable transmission (2) are provided, and a mi- 
croprocessor (80) precisely calculates the rotation di- 
rection and rotation speed of the output shaft (6) from 
these rotation speeds. 
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Description 

FIELD OF THE INVENTION 
5 [0001] This invention relates to control of an infinitely variable transmission for a vehicle. 
BACKGROUND OF THE INVENTION 

[0002] Tokkai Hei 1 0-325459 published by the Japanese Patent Office in 1998 and Tokkai Hei 11-63184 published 
10 by the Japanese Patent Office in 1999, disclose an infinitely variable transmission wherein a fixed speed ratio trans- 
mission and a toroidal continuously variable transmission are combined with a planetary gear set so that the speed 
ratio can be varied up to infinity. The speed ratio of the infinitely variable transmission is controlled based on the vehicle 
speed and the speed ratio of the toroidal continuously variable transmission. 

15 SUMMARY OF THE INVENTION 

[0003] The vehicle speed is detected from the rotation speed of the output shaft of the infinitely variable transmission. 
The speed ratio of the continuously variable transmission is calculated from the rotation speeds of the input/output 
shafts of the toroidal continuously variable transmission. For this purpose, rotation speed sensors are provided respec- 
20 tively for the output shaft of the infinitely variable transmission, input shaft of the toroidal continuously variable trans- 
mission and output shaft of the toroidal continuously variable transmission. 

[0004] The rotation speed sensor may for example comprise a gear which rotates together with a rotating body, and 
a Hall element which outputs a pulse according to the passage of a gear tooth, and the rotation speed is detected by 
counting pulses in a unit time. The output shaft of the infinitely variable transmission does not rotate when the vehicle 

25 js stationary, and therefore pulses are not counted. Also, the pulse detection interval is extremely long when the vehicle 
is moving at a low speed. Therefore, when the rotation of the output shaft of the infinitely variable transmission is 
detected by a rotation sensor having this construction, it is difficult to determine in a short time if the vehicle is stationary 
or it is moving at a low speed, so the speed detection precision falls in the speed region close to zero. 
[0005] The infinitely variable transmission has a speciality that the speed ratio can be varied continuously including 

30 infinity. The speed ratio becomes infinity when the output shaft of the infinitely variable transmission has stopped while 
the input shaft of the infinitely variable transmission is rotating. In other words, the speed ratio becomes infinity when 
the vehicle is stationary while an engine of the vehicle is running. When the speed ratio of the toroidal continuously 
variable transmission is varied from this vehicle stationary state, the rotation direction of the output shaft of the con- 
tinuously variable transmission, i.e., the vehicle moving direction, is determined according to the direction of the vari- 

35 ation of the speed ratio of the continuously variable transmission. Consequently, if the vehicle speed detecting precision 
falls in the speed region close to zero, speed ratio control in the very low speed region including the stationary state 
of the vehicle may be unstable. 

[0006] Further, the vehicle speed detected by the above rotation speed sensor is an absolute value, and cannot 
make a distinction between forward motion and reverse motion of the vehicle. When a selector lever of the vehicle is 

40 in the forward or reverse travel range while the vehicle is in the stationary state or in its vicinity, the vehicle generally 
needs a creep torque. When the vehicle has stopped on a rising slope and an accelerator pedal of the vehicle is 
re j ease d while the selector lever is in the forward travel range, the vehicle may move rearwards according to the 
steepness of the slope. In this case, it is desirable to rapidly detect the reverse motion of the vehicle and increase the 
creep torque so as to stop the reverse motion. In order to perform such a torque control, a distinction must be made 

45 between forward motion and reverse motion of the vehicle. 

[0007] It is therefore an object of this invention to increase the detection precision of an output shaft rotation speed 
of an infinitely variable transmission in a very low speed region including zero. 

[0008] It is a further object of this invention to discriminate between the rotation directions of the output shaft of the 
infinitely variable transmission. 

so [0009] It is still a further object of this invention to reduce the number of sensors required to control the infinitely 
variable transmission. 

[0010] In order to achieve the above objects, this invention provides a controller for such an infinitely variable trans- 
mission that comprises an input shaft, a continuously variable transmission which outputs the rotation of the input shaft 
at an arbitrary speed ratio, a fixed speed ratio transmission which outputs the rotation of the input shaft at a fixed speed 
55 ratio, a differential mechanism having a first rotation element which rotates according to an output rotation of the con- 
tinuously variable transmission, a second rotation element which rotates according to an output rotation of the fixed 
speed ratio transmission, and a third rotation element which varies a rotation direction and a rotation speed according 
to a difference between a rotation speed of the first rotation element and a rotation speed of the second rotation element, 
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and an output shaft joined to the third rotation element. 

[001 1] The controller comprises a first sensor which detects the rotation speed of the input shaft, a second sensor 
which detects the output rotation speed of the continuously variable transmission, and a microprocessor programmed 
to calculate the rotation speed of the output shaft from the rotation speed of the input shaft and the output rotation 
5 speed of the continuously variable transmission, and to control the speed ratio of the continuously variable transmission 
based on the rotation speed of the output shaft. 

[0012] This invention also provides a control method for the infinitely variable transmission. The method comprises 
detecting the rotation speed of the input shaft, detecting the output rotation speed of the continuously variable trans- 
mission, calculating the rotation speed of the output shaft from the rotation speed of the input shaft and the output 
- 10 rotation speed of the continuously variable transmission, and controlling the speed ratio of the continuously variable 
transmission based on the rotation speed of the output shaft. 

[0013] The details as wed as other features and advantages of this invention are set forth in the remainder of the 
specification and are shown in the accompanying drawings. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Fig. 1 is a schematic diagram of an infinitely variable transmission according to this invention. 

[001 5] Fig. 2 is a schematic diagram of a controller for the infinitely variable transmission according to this invention. 

[0016] Fig. 3 is a diagram showing the contents of a map specifying the relation between a CVT speed ratio /cand 

20 an IVT speed ratio //stored in a control unit according to this invention. 

[0017] Fig. 4 is a diagram showing the contents of a map specifying the relation between an accelerator pedal de- 
pression amount, vehicle speed and target input shaft rotation speed stored in the control unit. 
[0018] Fig. 5 is a flowchart describing a vehicle speed calculation routine performed by the control unit. 
[0019] Fig. 6 is similar to Fig. 1, but showing a second embodiment of this invention. 

25 [0020] Fig. 7 is a flowchart describing a vehicle speed calculation routine according to the second embodiment of 
this invention. 

[0021] Fig. 8 is similar to Fig. 1 , but showing a third embodiment of this invention. 

[0022] Fig. 9 is a flowchart describing a vehicle speed calculation routine according to the third embodiment of this 
invention. 

30 [0023] Fig. 10 is similar to Fig. 2, but showing a fourth embodiment of this invention. 

[0024] Fig. 1 1 is a schematic cross-sectional view of a toroidal continuously variable transmission to which the fourth 
embodiment of this invention is applied, 

[0025] Fig. 12 is an oil pressure circuit diagram of the toroidal continuously variable transmission. 
[0026] Fig. 13 is a diagram describing the relation between a signal pressure of a solenoid and an oil pressure 
35 controlled by a control unit according to the fourth embodiment of this invention. 

[0027] Fig. 14 is a flowchart describing.a torque transmission control routine performed by the control unit according 
to the fourth embodiment of this invention. 

[0028] Fig. 15 is a diagram showing the contents of a map of an output torque limit Tolmt during idle control, stored 
by the control unit according to the fourth embodiment of this invention. 
40 [0029] Fig. 1 6 is a diagram describing a detection principle for detecting a road surface slope 6 applied by the control 
unit according to the fourth embodiment of this invention. 

[0030] Fig. 1 7 is a diagram showing the contents of a map specifying an output torque Ts relative to the road surface 
slope 6 stored by the control unit according to the fourth embodiment of this invention. 

[0031] Fig. 1 8 is a diagram showing the contents of a map specifying a target output torque basic value Tot relative 
45 to a vehicle speed VSP, stored by the control unit according to the fourth embodiment of this invention. 

[0032] Fig. 19 is a diagram showing the contents of a map specifying the relation between the vehicle speed VSR 
the road surface slope 6 and a target output torque Tt, stored by the control unit according to the fourth embodiment 
of this invention. 

' [0033] Fig. 20 is similar to Fig. 19, but showing a variation related to the setting of the target output torque Tt 

50 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0034] Referring to Fig. 1 of the drawings, an infinitely variable transmission (referred to hereafter as IVT) comprises 
an input shaft 1 connected to an engine of a vehicle, a toroidal continuously variable transmission (referred to hereafter 
55 as CVT) 2, a reduction gear set 3 as a fixed speed ratio transmission, a planetary gear set 5 as a differential mechanism, 
and an output shaft 6. 

[0035] The input shaft 1 is connected to an input gear 3A of the reduction gear set 3. A CVT input shaft 1B of the 
toroidal CVT 2 rotates together with the input shaft 1 via a loading cam, not shown. 
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[0036] The toroidal CVT 2 comprises two sets of toroidal units comprising an input disk 21 and output disk 22. A pair 
of power rollers 20 are gripped between these facing input disk 21 and output disk 22. The rotation of the two output 
disks 22 is output from a sprocket 2A to a sprocket 4A supported free to rotate on the output shaft 6 arranged parallel 
to the CVT input shaft 1 B via a chain 4A. 
5 [0037] The reduction gear set 3 is provided with an output gear 3B supported free to rotate on the output shaft 6. 
The output gear 3B meshes with the input gear 3A, and the rotation of the input shaft 1 is output to the output gear 3B 
after reduction according to a gear ratio of the input gear 3A and output gear 3B. 

[0038] The planetary gear set 5 comprises a sun gear 5A, planet gears 5D, ring gear 5C and a carrier 5B which 
supports planet gears 5D. The sun gear 5A is connected to the sprocket 4A via a sleeve-shaped hollow shaft 4 sup- 
- 10 ported on the circumference of the output shaft 6. The sprocket 4A is also connected to the output shaft 6 via a direct 
clutch 10. 

[0039] The planet gears 5D are plural pinions arranged between the sun gear 5A and ring gear 5C, and are supported 
free to rotate and free to turn around the sun gear 5A by the carrier 5B. The output gear 3B of the reduction gear set 
3 and carrier 5B are connected via a power recirculation clutch 9. 
15 [0040] The ring gear 5C is connected to the output shaft 6. 

[0041] A final output gear 7 is fixed to the output shaft 6. The rotation of the final output gear 7 is output to a vehicle 
drive shaft 11 via a final gear 12 and differential 8. 

[0042] The speed ratio //of this IVT is expressed as the ratio of the rotation speed of the input shaft 1 and rotation 
speed of the output shaft 6. The speed ratio ic of the toroidal CVT 2 is expressed as the ratio of the rotation speeds of 
20 the input disk 21 and output disk 22. The rotation speed of the input disk 21 is equal to a rotation speed Ni of the input 
disk 1 . 

[0043] In the following description, the speed ratio //' of the IVT is referred to as IVT speed ratio and the speed ratio 
ic of the CVT 2 is referred to as CVT speed ratio. 

[0044] A rotation speed sensor 81 which detects the rotation speed of the input gear 3A of the reduction gear set 3, 
25 and a rotation speed sensor 82 which detects the rotation speed Nco1 of the sprocket 4A, are installed in the IVT. 
Here, the rotation speed of the input gear 3A is equal to the rotation speed Ni of the input shaft 1 and CVT input shaft 
1 B and it is also equal to the rotation speed Ne of the engine. The rotation speed Nco1 of the sprocket 4A is equal to 
the rotation speed of the sun gear 5A. The rotation speed Ni and rotation speed Nco1 respectively input as signals to 
a control unit 80 shown in Fig. 2. 
30 [0045] The control unit 80 comprises a central processing unit (CPU), read-only memory (ROM), random access 
memory (RAM) and input/output interface (I/O interface). 

[0046] The vehicle is provided with a brake pedal, accelerator pedal and a selector lever. 

[0047] Referring to Fig. 2, a brake signal BRK from a brake switch 84 which detects whether or not a brake pedal is 
depressed, a depression amount signal APS from the accelerator pedal depression sensor 85 which detects a depres- 

35 sion amount of the accelerator pedal, and a selector position signal POS from an inhibitor switch 87 which detects a 
selection position of the selector lever, are also input to the control unit 80. The selection position signal POS differ- 
entiates between a forward range (D), reverse range (R), neutral range (N) and parking range (P). 
[0048] Based on these signals, the control unit 80 engages and releases the power recirculation clutch 9 via an 
actuator 92 and the direct clutch 1 0 via an actuator 91 . The speed ratio and transmission torque during forward motion 

40 and reverse motion of the vehicle are also controlled by varying the speed ratio ic of the toroidal CVT 2. 

[0049] In a direct mode, wherein the power recirculation clutch 9 is released and the direct clutch 1 0 is engaged, the 
IVT outputs the output rotation of the toroidal CVT 2 to the final output shaft 6. On the other hand, in a power recirculation 
mode wherein the power recirculation clutch 9 is engaged and the direct clutch 10 is disengaged, the IVT varies the 
rotation direction and rotation speed of the output shaft 6 according to the speed difference between the output rotation 

45 of the toroidal CVT 2 and output rotation of the reduction gear set 3. 

[0050] As shown in Fig. 3, the control unit 80 applies the power recirculation mode when the vehicle is reversing and 
when it is moving forward at a low speed where the IVT speed ratio /Vis large, and applies the direct mode when it is 
moving forward at high speed where the IVT speed ratio //is small. The change-over between these modes is performed 
at a revolution synchronization point (RSP) where the rotation of the output shaft 6 is equal in both modes. In the power 

50 recirculation mode, the rotation direction of the output shaft 6 is changed over at a geared neutral point (GNP) where 
the output shaft 6 stops its rotation. 

[0051] The CVT speed ratio ic varies according to the gyration angle of the power rollers 20. The gyration angle of 
the power rollers 20 is controlled by a step motor 36. The control unit 80 controls the speed ratio ic of the toroidal CVT 
2 by outputting a signal corresponding to the target speed ratio iclo the step motor 36. 
55 [0052] The control unit 80 determines the target value of the speed ratio ic in the following way. 

[0053] During normal motion in the drive range (D), a target input shaft rotation speed f/V/is calculated by looking 
up a map shown in Fig. 4 based on the accelerator pedal depression amount APS and vehicle speed VSP. Here, the 
vehicle speed VSP is calculated by multiplying the rotation speed No of the output shaft 6 of the IVT by a constant K 
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depending on the final gear ratio and the diameter of the tires of the vehicle. The calculated target input shaft rotation 
speed tNi is equal to the target engine rotation speed. 

[0054] Next, the target input shaft rotation speed tNi is divided by the rotation speed No of the output shaft 6 to 
determine a target value of the IVT speed ratio //. The target value of the IVT speed ratio // is converted to a target 
s value of the speed ratio ic of the toroidal CVT 2, and the step motor 36 is feedback controlled so that the speed ratio 
ic of the toroidal CVT 2 coincides with the target value. 

[0055] To perform this control, the control unit 80 calculates the rotation speed No of the output shaft 6 of the IVT by 
a calculation routine shown in Fig. 5. This routine is performed at an interval of ten milliseconds. 
[0056] First, in a step S1 , the rotation speed Ni of the input shaft 1 and the rotation speed Nco1 of the sprocket 4A 
- 10 are read. 

[0057] In a next step S2, the speed ratio ic of the toroidal CVT 2 is calculated by the following equation (1). 




15 



20 



25 



tC 'Nc?Ud (1) 

where, id = coefficient to convert the rotation speed of the sprocket 4A to the rotation speed of the output disk 22. 
[0058] In a next step S3, the rotation speed No of the IVT output shaft 6 is calculated by the following equation (2) 
from the speed ratio ic of the toroidal CVT 2. 



No J]™-«\ Ni 

^ ig id icj 



(2) 



a= Zr 



where, 

30 

ig = reduction ratio of reduction gear set 3, 
Zs = number of teeth of sun gear 5A, and 
Zr = number of teeth of ring gear 5C. 

35 [0059] In equation (2), a, ig, id and Kare all constants, and it£L is also a constant. The input shaft 1 always rotates 
in the same direction, and the rotation speed Ni of the input shaft 1 is always a positive value. Therefore, the rotation 
speed No of the IVT output shaft 6 is determined only according to the speed ratio ic of the CVT 2, and when the vehicle 
is moving forward, i.e., when the CVT speed ratio ic is larger than the geared neutral point GNP, the rotation speed 
No of the IVT output shaft 6 is a positive value. When the vehicle is reversing, i.e., when the CVT speed ration ic is 

40 less than the geared neutral point GNP, the rotation speed No of the IVT output shaft 6 is a negative value. 

[0060] For example, at a very low vehicle speed of VSP= 1 km/hr, the rotation speed of the output shaft 6 is approx- 
imately 30 revolutions per minute (rpm). The rotation speed Ni of the input shaft 1 detected by the rotation speed sensor 

81 at this time is M> 600 rpm, and the rotation speed Nco1 o/the sprocket 4A detected by the rotation speed sensor 

82 is Nco1 Z 1000 rpm. 

45 [0061] All these rotation speeds are more than 20 times the rotation speed of the output shaft 6 or ring gear 5C, so 
the pulses used by the rotation speed sensors 81 and 82 are output at sufficiently high frequency to obtain good 
detection precision. Therefore, the rotation speed No of the IVT output shaft 6 in the low speed region including the 
rotation speed No = 0 can also be detected with high precision. 

[0062] This routine may be applied in both the power recirculation mode and the direct mode. Equation (2) may be 
50 replaced by the following equation (2A). 



Afo = , - Tr" - ** (2A) 
tgidic 

55 [0063] ^- in equation (2A) is the rotation speed of the carrier 5B, and is the rotation speed of the sprocket 4A. • 
In the direct mode, the sprocket 4A, sun gear 5A, carrier 5B and ring gear Sc rotate together with the output shaft 6, 
and the rotation speed of the carrier 5B is the same as the rotation speed of the sprocket 4A. Therefore, in the direct 
mode, equation (2A) may be simplified as the following equation (2B). 
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A/i 

No=™=Nco1 (2B) 
*9 

[0064] As a result, in the flowchart of Fig. 5, a step may be provided to distinguish between the power recirculation 
s mode and direct mode, and in the direct mode, equation (2B) may be used instead of equation (2). 
[0065] Next, a second embodiment of this invention will be described referring to Figs. 6 and 7. 
[0066] This embodiment differs from the first embodiment in the arrangement of the rotation speed sensor 82. In this 
embodiment, the rotation speed sensor 82 is arranged to face the sprocket 2A in order to detect the rotation speed of 
the output disk 22 of the toroidal CVT 2. The remaining features of the hardware are identical to those of the first 
10 embodiment. 

[0067] In this embodiment, the control unit 80 calculates the CVT speed ratio ic and the rotation speed No of the IVT 
output shaft 6 using the routine of Fig. 7. This routine is also performed at an interval of ten milliseconds. 
[0068] First, in a step S11 , the rotation speed Ni of the input shaft 1 and the rotation speed Nco2 of the output disk 
22 are read. 

15 [0069] In a next step S1 2, it Is determined whether or not the present running mode is the power recirculation mode 
or the direct mode. The power recirculation clutch 9 and direct clutch 10 are respectively engaged and disengaged 
according to command signals from the control unit 80 to the actuators 91 , 92, so the present running mode can be 
determined from these command signals. 

[0070] When, as a result of the determination, the present running mode is the power recirculation mode, the routine 
20 proceeds to a step S1 3. Here, the rotation speed No of the I VT output shaft 6 is calculated by the following equation (3). 



25 



30 



35 



40 



No = ring gear rotation speed • K 

= {(1 + a) • carrier rotation speed - a • sun gear rotation speed} 

Ni a Nco2 (3) 
" ^ ig id 

[0071] On the other hand, when the present running mode is the direct mode in a step S12, the routine proceeds to 
a step S14. 

[0072] In the step S1 4, the rotation speed No of the IVT output shaft 6 is computed by the following equation (4). 



/Vo= ring gear rotation speed 

(4) 



= sun gear rotation speed 
Nco2 



id 



[0073] The constants a, ig, id used in equations (3) and (4) are identical to the constants used in equations (1 ) and 
(2) of the first embodiment. 

45 [0074] In this embodiment also, the rotation speed No of the IVT output shaft 6 can be precisely detected as a positive 
or negative value corresponding to a forward motion or reverse motion of the vehicle. Equation (4) is a simplified 
equation obtained by limiting equation (3) to the direct mode. Therefore, the step S12 which determines the running 
mode and the step S14 which performs the calculation of equation (4) may be omitted, and the routine can be con- 
structed to calculate the vehicle speed VSP in the step S13 regardless of the running mode. 

50 [0075] A third embodiment of this invention will now be described referring to Figs. 8 and 9. 

[0076] Referring to Fig. 8, a carrier rotation speed sensor 83 which detects a rotation speed Nc of the carrier 5B is 
added instead of the rotation speed sensor 81 of the first embodiment, the remaining features of the construction being 
identical to those of the first embodiment. 

[0077] The control unit 80 calculates the CVT speed ratio ic and the rotation speed No of the IVT output shaft 6 by 
55 a routine shown in Fig. 9. This routine is also performed at an interval of ten milliseconds. 

[0078] First, in a step S21 , the rotation speed Nco of the sprocket 4A and the rotation speed Nc of the carrier 5B are 
read. 

[0079] In a next step S22, it is determined whether the present running mode is the power recirculation mode or the 
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direct mode from the state of the power recirculation mode clutch 9 and direct mode clutch 10, as in the step S12 of 
the second embodiment. 

[0080] When the present running mode is the power recirculation mode, the routine proceeds to a step S23, and the 
rotation speed No of the IVT output shaft 6 is calculated from the following equation (6). 

5 

No = ring gear rotation speed 
10 = {(1 + a) • carrier rotation speed - a • sun gear rotation speed} 

= {1 + a)Nc-aNco1 (6) 



15 [0081] When the present running mode is the direct mode, the routine proceeds to a step S24 and the rotation speed 
A/oof the IVT output shaft 6 is computed from the following equation (7). 

No = ring gear rotation speed 

20 

= sun gear rotation speed 
= Ncp1 

25 = A/c (7) 

[0082] The constants a and id used in equations (5)-(7) are identical to those used in equations (1) and (2) of the 
first embodiment. 

30 [0083] In this embodiment also, the rotation speed No of the IVT output shaft 6 can be precisely detected as a positive 
and negative value corresponding to forward motion or reverse motion of the vehicle. 

[0084] Equation (7) is a simplified equation limiting equation (6) to the direct mode. Therefore, the step S23 which 
determines the running mode and the step S24 which performs the calculation of equation (7) may be omitted, and 
the routine can be constructed to calculate the vehicle speed VSP in a step S24 regardless of the running mode. 

35 [0085] In this embodiment, unlike the first and second embodiments, the rotation speed No of the output shaft 6 (ring 
gear 5C) is calculated from the rotation speed Nc of the carrier 5B and the rotation speed Nco1 of the sun gear 5A, 
both of which are part of the planetary gear set 5. Therefore, the rotation speed of the output shaft 6 can be precisely 
detected regardless of the running state of the vehicle, such as when the vehicle is stationary, when the vehicle is 
traveling in the neutral range (N); when the power recirculation clutch 9 is engaging due to a change over from the 

40 neutral range (N) to the drive range (D), or when the power recirculation clutch 9 and direct clutch 10 are halfway 
between engagement and disengagement due to a change-over of running mode. 
[0086] Next, a fourth embodiment of this invention will be described referring to Figs. 10-20. 
[0087] In this embodiment, the control unit 80 controls the IVT speed ratio // based on a map shown in Fig. 4 in the 
same way as in the first embodiment and controls the transmission torque of the power rollers 20. The creep torque 

45 of the vehicle is controlled using the rotation speed No of the output shaft 6 calculated in the same way as in the first 
embodiment as part of the control of transmission torque. 

[0088] To perform this control, as shown in Fig. 1 0, the rotation speed Ni of the input shaft 1 detected by the rotation 
speed sensor 81 , rotation speed Nco1 of the sprocket 4A detected by the rotation speed sensor 82, accelerator pedal 
depression amount APS detected by the accelerator pedal depression sensor 85, brake signal BRK detected by the 

so brake switch 84, a forward/reverse acceleration gl of the vehicle detected by G sensor 86, and the selection position 
signal POS detected by the inhibitor switch 87, are input as signals respectively to the control unit 80. The selection 
position signal POS comprises the forward range (D), reverse range (R), neutral range (N) and parking range (P). 
[0089] An engine 71 driving the input shaft 1 is controlled by an engine control unit 70. The engine control unit 70 
controls the fuel injection amount and ignition timing of the engine 71 based on the accelerator pedal depression 

55 amount APS and the engine rotation speed Ne. Specifically, in a state where the running range is the drive range (D) 
or the reverse range (R), the accelerator pedal depression amount APS is 0/8 and the vehicle speed VSP or engine 
rotation speed Ne is less than a predetermined value, or in a state where the running range is the neutral range (N) 
or parking range (P), the engine control unit 70 controls the engine 71 so that the engine rotation speed Ne coincides 
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with a predetermined idle rotation speed Nidle. 

[0090] Next, the construction of the toroidal CVT 2 related to the control of the transmission torque will be explained 
referring to FIG. 11 . 

[0091] In the toroidal CVT 2, each power roller 20 is supported free to pivot by a trunnion 23. The trunnion 23 is 
5 driven in the vertical direction of the figure by an oil pressure cylinder 30. The oil pressure cylinder 30 comprises a 
piston 31 fixed to the trunnion 23, and oil chambers 30A, 30B formed facing the piston 31 . The trunnion 23 displaces 
in an axial direction according to a differential pressure of the oil chambers 30A, 30B, and thereby changes the contact 
position between the power roller 20, input disk 21 and output disk 22. As a result, the balance of forces around the 
trunnion 23 exerted by the disks 21 , 22 on the power roller 20 changes, and the gyration angle of the power roller 20 
. 10 changes. As the gyration angle of the power roller 20 changes, the trunnion 23 also undergoes a rotational displace- 
ment. Due to the variation of the gyration angle of the power roller 20, the ratio of the rotation transmitted between the 
input disk 21 and the output disk 22, i.e., the speed ratio, varies continuously. 

[0092] Of the trunnions 23 facing each other in one toroidal unit, the oil chamber 30A of one of the trunnions 23 is 
situated above the piston 31 , and the oil chamber 30A of the other trunnion 23 is situated below the piston 31 . Likewise, 
15 the oil chamber 30B of one of the trunnions 23 is situated below the piston 31 , and the oil chamber 30B of the other 
trunnion 23 is situated above the piston 31. An identical oil pressure is supplied to the two oil chambers 30A, and 
likewise an identical oil pressure is supplied to the two oil chambers 30B. Due to this arrangement of the oil chambers 
30A, 30B, the two trunnions 23 are driven in mutually opposite directions. 

[0093] The CVT 2 comprises a total of four of the trunnions 23, one of the trunnions 23 being attached to a precess 
20 cam 35. An oil pressure is selectively supplied from a shift control valve 46 shown in FIG. 12 to the oil chambers 30A, 
30B. The precess cam 35 feeds back a rotation angle of the trunnion 23, i.e., a gyration angle of the power roller 20, 
and the axial displacement of the trunnion 23, to the control valve 46. A slanting cam groove 35A iS/formed on the 
outer circumference of the precess cam 35, and one end of an L-shaped feedback link 38 fits in the cam groove 35A. 
[0094] The feedback link 38 is supported free to pivot around a pivot shaft 39, one end being engaged with the cam 
25 groove 35A and the other end being connected to one end of a speed change link 37. 

[0095] Referring to FIG. 12, the speed change link 37 is connected in its middle part to one end of a spool 46S of 
the shift control valve 46, and the end on the opposite side to the connection with the feedback link 38 is connected 
to a step motor 36. Due to this arrangement, in the speed change link 37 displaces the spool 46S in an axial direction 
under the drive of the step motor 36. Also, the spool 46S is displaced in an axial direction according to the rotational 
30 displacement and axial displacement of the precess cam 35. As a result, the spool 46S is maintained at a position 
where the displacements of the step motor 36 and precess cam 35 are balanced. 

[0096] The oil pressure used for pressurizing the oil chambers 30A, 30B and the oil pressure used for engaging and 
disengaging the power recirculation clutch 9 and direct clutch 10 are supplied from the oil pressure circuit shown in 
FIG. 12. 

35 [0097] This oil pressure circuit comprises an oil pump 110, a pilot valve 103, a line pressure solenoid valve 90, a 
pressure regulator valve 1 00, the shift control valve 46, a manual valve 60, clutch control valves 93, 94, solenoid valves 
91 , 92, a positive torque control valve 40, a negative torque control valve 45, and solenoid valves 50, 55. The solenoid 
valves 50, 55, 90, 91 , 92 are all controlled by duty signals output from the control unit 80. 

[0098] A discharge pressure of the oil pressure pump 11 0 is adjusted to a predetermined line pressure PL by the 
40 pressure regulator valve 100 in response to a signal pressure output by the line pressure solenoid valve 90, and is 
supplied to the line pressure circuit 101 . The line pressure solenoid valve 90 generates a signal pressure from a pilot 
pressure Pp of a pilot pressure circuit 102 based on an input signal from the control unit 80, and outputs this to the 
pressure regulator valve 1 00. The pilot pressure Pp is generated by the pilot valve 1 03 in direct proportion to the line 
pressure PL 

45 [0099] The solenoid valve 91 which engages and disengages the power recirculation clutch 9, and a solenoid valve 
92 which engages and disengages the direct clutch 10, are connected to the pilot pressure circuit 102. 
[0100] The solenoid valve 91 increases or decreases the pilot pressure Pp of the pilot pressure circuit 1 02 according 
to an input signal from the control unit 80 to generate a signal pressure, and supplies this signal pressure to the clutch 
control valve 93. The clutch control valve 93 supplies the line pressure PL supplied via the manual valve 60 to the 

50 power recirculation clutch 9 according to an increase of the signal pressure from the solenoid valve 91 , and thereby 
engages the power recirculation clutch 9. On the other hand, when the signal pressure from the solenoid valve 91 
decreases, the clutch control valve 93 releases the power recirculation clutch 9 to a drain, and thereby disengages the 
power recirculation clutch 9. 

[0101] Likewise, the solenoid valve 92 increases or decreases the pilot pressure Ppof the pilot pressure circuit 102 
55 according to a signal from the control unit 80 to generate a signal pressure, and supplies this signal pressure to the 
clutch control valve 94. The clutch control valve 94 supplies the line pressure PL supplied via the manual control valve 
60 and a shuttle valve 121 to the direct clutch 10 according to an increase of the signal pressure from the solenoid 
valve 92, and thereby engages the direct clutch 10. On the other hand, when the signal pressure from the solenoid 
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valve 92 decreases, the clutch control valve 94 releases the direct clutch 10 to the drain, and thereby disengages the 
direct clutch 10. 

[0102] When the control unit 80 outputs an engaging signal to one of the solenoid valves 91 , 92, it always outputs 
a disengaging signal to the other valve. Due to this signal operation, when one of the power recirculation clutch 9 and 
5 direct clutch 10 is engaged.the other clutch is disengaged. In other words, a change-over is performed between the 
power recirculation mode and direct mode. This mode change-over takes place only when the D range has been 
selected and the CVT speed ratio ic reaches the rotation synchronous point RSP, as shown in FIG. 3. 
[0103] The positive torque control valve 40, negative torque control valve 45, shift control valve 46 and manual valve 
60 are connected to the line pressure circuit 1 01 . 
. 10 [0104] A pressure port 46P connected to the line pressure circuit 101 , a first port 46H connected to the oil chamber 
30B of the oil pressure cylinders 30, a second port 46L connected to the oil chamber 30A of the oil pressure cylinders 
30, a drain port 46I connected to the positive torque control valve 40, and a drain port 46J connected to the negative 
torque control valve 45, are formed in the shift control valve 46. The spool 46S connects the oil chamber 30A to one 
of the drain port 46J and pressure port 46P. When the spool 46S connects the oil chamber 30A to the drain port 46J, 
15 it connects the oil chamber 30B to the pressure port 46P. Likewise, when the spool 46S connects the oil chamber 30A 
to the pressure port 46P, it connects the oil chamber 30B to the drain port 46I. 

[0105] The positive torque control valve 40 generates a control pressure Pd from the pilot pressure Pp of the pilot 
pressure circuit 1 02 according to a signal pressure Pp of the solenoid valve 50 controlled by the control unit 80, and 
supplies this control pressure Pd to the drain port 46I. The negative torque control valve 40 generates a control 
20 pressure Pc2from the pilot pressure Pp according to a signal pressure Psig- of the solenoid valve 55 controlled by the 
control unit 80, and supplies this control pressure Pc2to the drain port 46J. The solenoid valves 50, 55 are permanently 
closed, and in the non-energized state, the signal pressures Pp, Psig- are both zero. 

[0106] The positive torque control valve 40 comprises a spool 40S. A signal pressure port 40A, an output port 40D 
which outputs the control pressure Pc1 t a feedback port 40B connected to the output port 40D, a pressure port 40C 

25 and a drain port 40E are formed in the positive torque control valve 40 facing the spool 40S. The signal pressure Pp 
of the solenoid valve 50 is input to the signal pressure port 40A. The lower end of the spool 40S Is elastically supported 
facing upwards in FIG. 12 by a spring 40R. The positive torque control valve 40 further comprises a sleeve 40P in 
contact with the lower end of the spool 40S, and a port 40F formed facing the sleeve 40P. The line pressure PL is led 
to the port 40F. The spool 40S is held in a position where the downward force in the figure due to the signal pressure 

30 Pp of the signal pressure port 40A and the control pressure Pd led to the feedback port 40B, balances the upward 
force due to the spring 40R and line pressure PL of the port 40F. When the signal pressure Pp is equal to or less than 
a predetermined value, the output port 40C communicates with the drain port 46I of the shift control valve 46 via the 
output port 40D. When the signal pressure Pp increases, the spool 40S displaces downwards against the spring 40R, 
and the output port 40D communicates with the drain port 40E. 

35 [0107] The pressure-receiving surface area of the control pressure Pd acting on the spool 40S via the feedback 
port 40B is set to a value As equal to the pressure-receiving area of the line pressure PL acting on the sleeve 40P via 
the port 40F. The spool 40S is pushed upwards due to the pressure difference of the line pressure PL and control 
pressure Pd. Here, if the pressure-receiving surface area of the signal pressure Pp of the port 40A of the spool 40S 
is Asol, and the pushing force of the spring 40R is Fs, the equilibrium of forces acting on the spool 40S may be repre- 

40 sented by the following equation (8). 

Psig^Asoh (PL « Pd) As + Fs (8) 
45 [0108] Herein, if M = constant, and N= constant, equation (8) may be rewritten as follows. 

PL-Pc1 =M- Psig+ - N (9) 

so [0109] Equation (9) shows that a pressure difference AP = PL - Pd can be controlled by the signal pressure Pp. 
When the signal pressure Pp is 0, AP = PL - Pd < 0, the control pressure Pd is obtained by decreasing the line 
pressure PL, and it does not exceed the line pressure PL Therefore, the spool 40S is pushed upwards by the pushing 
force Fs of the spring 40R, the output port 40C and the output port 40D are connected, and Pd = PL. 
[01 1 0] Due to the pushing force Fs of this spring 40R, the control pressure Pel does not vary within the interval from 

55 when the signal pressure Pp= 0 to when Psig-h = — = ^ regardless of the signal pressure Pp as shown in FIG. 13. 
This range is the insensitive range of the positive forque°control valve 40. 

[0111] When the signal pressure Pp is greater than this range, the pressure difference AP increases according to 
the signal pressure Pp. Further, when the signal pressure Pp reaches the pilot pressure Pp which is the maximum 
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value, the pressure port 40C is shut by the spool 40S and the output port 40D communicates with the drain port 40E, 
so the control pressure Pet is 0, and the pressure difference AP is equal to the line pressure PL. When the line pressure 
PL varies, the control pressure Pel also varies, and this characteristic therefore holds also when the line pressure PL 
varies. However, as there is the limitation 0 < Pd < PL, the range of the pressure difference AP becomes smaller the 
5 smaller the line pressure PL. 

[0112] Hence, the positive torque control valve 40 controls the pressure difference AP according to the signal pres- 
sure Pp, and when the solenoid valve 50 is not energized, it makes the control pressure Pd equal to the line pressure 
PL so that the pressure difference AP= 0. 

[0113] Similarly, the negative torque control valve 45comprises a signal pressure port 45A, a feedback port 45B, a 
m 10 pressure port 45C, an output port 45D which outputs a control pressure Pc2, a drain port 40E, a port 45F, a spool 45S 
and a spring 45R. The relation between the control pressure Pc2 and line pressure PL is similarto the relation between 
the control pressure Pd and line pressure PL as shown in FIG. 13. 

[0114] Therefore, when the line pressure PL is supplied to the oil chamber 30A corresponding to the displacement 
of the spool 46S, the shift control valve 46 simultaneously supplies the control pressure Pel to the oil chamber 30B, 
15 and when the line pressure PL is supplied to the oil chamber 30B, the control pressure Pc2 is simultaneously supplied 
to the oil chamber 30A. For this reason, the pressure difference AP= PL - Pc7 or a pressure difference AP= PL - Pc2 
always acts on the piston 31 . 

[01 1 5] Here, the pressure difference AP is equal to the transmission torque of the power roller 20. Therefore, if the 
control pressure Pd is made equal to the line pressure PL, the transmission torque is zero. Also when the control 
20 pressure Pc2 is made equal to the line pressure PL, the transmission torque is zero. 

[0116] Further, by varying the control pressure Pd or Pc2 between the line pressure PL and zero, the pressure 
difference APcan be set arbitrarily between the line pressure PL and zero so as to control the transmission torque of 
the power roller 20. 

[01 1 7] The above-described control of the transmission torque of the power roller 20 by the pressure difference AP 
25 is known by Tokkai Hei 1 1 -247964 published by the Japanese Patent Office in 1 999. 

[0118] In order to control the transmission torque of the power roller 20 in this way, the shift control valve 46 has to 
be operated according to the direction of the torque that the oil pressure cylinder 30 supports. 

[01 1 9] The direction of the torque transmitted in the toroidal C VT 2 varies according to the operation mode of the IVT 
[01 20] For the explanatory purpose, let torque transmission from the input disk 21 to the output disk 22 be the positive 
30 torque transmission direction, and torque transmission from the output disk 22 to the input disk 21 be the negative 
torque transmission direction. 

[0121] In the direct mode, as the output torque of the CVT 2 is transmitted to the final output shaft 6, the vehicle is 

driven with a positive transmitted torque, and a negative transmitted torque acts as an engine brake. 

[0122] Therefore, in the direct mode, the transmitted torque of the vehicle is controlled by controlling the positive 

35 transmitted torque of the CVT 2. 

[0123] In the power recirculation mode, the power recirculation clutch 9 is engaged and the direct clutch 1 0 is dis- 
engaged, so in FIG. 1 , forward/reverse motion of the vehicle is determined by the difference between the rotation speed 
of the carrier 5B rotating together with the output gear 3B of the reduction gear set 3, and the rotation speed of the sun 
gear 5A which depends on the speed ratio ic of the CVT 2. In the power recirculation mode, therefore, the direction of 

40 the torque passing through the CVT 2 varies according to the motion direction of the vehicle. 

[0124] When the vehicle is moving forward in the power recirculation mode, it corresponds to the case where the 
rotation speed of the carrier 5B is greater than the rotation speed of the sun gear 5A, i.e., to the case where the speed 
ratio ic of the CVT 2 is greater than the geared neutral point GNP shown in FIG. 3. In this case, the torque is transmitted 
from the carrier 5B to the ring gear 5C and sun gear 5A. As a result, torque is input to the output disk 22 of the CVT 2 

45 from the sprocket 4A via the chain 4B, and transmitted to the input disk 21 via the power rollers 20. In the toroidal CVT, 
therefore, torque is transmitted in the negative direction. The torque transmitted from the output disk 22 to the input 
disk 21 is further transmitted to the reduction gear set 3 via the unit input shaft 1 , so the drive force is recirculated. 
[0125] When the vehicle is reversing in the power recirculation mode, it corresponds to the case when the rotation 
speed of the sun gear 5A is much larger than the rotation speed of the carrier 5B, i.e., to the case when the speed 

so ratio of the CVT 2 is smaller than the geared neutral point GNP shown in FIG. 3. In this case, the torque output from 
the toroidal CVT 2 to the sun gear 5A is transmitted to the earner 5B and ring gear 5C. In the toroidal CVT 2, the torque 
is transmitted from the input disk 21 to the output disk 22, i.e., in the positive direction, The torque transmitted to the 
carrier 5B from the sun gear 5A is recirculated to the input disk 21 of the toroidal CVT 2 via the reduction gear set 3. 
[0126] Therefore, when the vehicle is moving forward in the power recirculation mode, the drive torque of the vehicle 

55 can be controlled by controlling the negative torque passing through the toroidal CVT 2, and when the vehicle is re- 
versing in the power recirculation mode, the drive torque of the vehicle can be controlled by controlling the positive 
torque passing through the toroidal CVT 2. 

[0127] Next, the creep torque control performed by the control unit 80 will be described referring to the flowchart of 
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Fig. 14. This routine is performed as an interval often milliseconds when the running range POSls the drive range (D). 
[0128] First, in a step S31, the accelerator pedal depression amount APS, input shaft rotation speed Ni, rotation 
speed Nco1 of the sprocket 4A, vehicle speed VSP, brake signal BRK t and the forward/reverse acceleration g/of the 
vehicle are read. The vehicle speed VSP is calculated by multiplying the rotation speed No of the IVT output shaft 6 
5 by the constant Kas in the case of the first embodiment. 

[0129] In a next step S32, the output torque limit Tolmt oi the engine 71 during idle running is calculated from the 
vehicle speed VSP by looking up a map shown in Fig. 15. This map is prestored in the control unit 80. 
[01 30] In a next step S33, the creep torque control conditions are determined. When the accelerator pedal depression 
amount APS is zero, and the rotation speed Ne does not exceed a preset value N1, it is determined that creep torque 
- 10 control conditions are satisfied. The predetermined value N1 is for example set equal to the minimum speed for con- 
tinuing fuel cut in the fuel cut control performed by the engine control unit 70. 

[01 31 ] When creep control conditions are satisfied, the routine proceeds to a step S34. When creep control conditions 
are not satisfied, the routine proceeds to a step S41 , the ordinary speed change control process is performed and the 
routine is terminated. 

15 [0132] In the determination of the step S33, the vehicle speed VSP may be compared with a predetermined vehicle 
speed instead of determining the engine rotation speed Ne. Alternatively, it may be determined whether or not fuel cut 
is performed instead of determining the engine rotation speed. Fuel cut is stopped when the engine rotation speed Ne 
decreases below the predetermined value N1 as described above. This is because the state when the accelerator 
pedal depression amount APS is 0 and fuel cut is not being performed is limited to the case when the engine rotation 

20 speed Ne is less than the predetermined value N1. 

[0133] In the step S34, as shown in Fig. 16, the forward/reverse acceleration gl of the vehicle detected by the G 
sensor 86, and the road surface slope e from the acceleration G due to gravity, are calculated by the equation tan 0 = 
gll G. Here, a positive value fore indicates an uphill slope, and a negative value for 9 indicates a downhill slope. 
[0134] In a next step S35, the torque Ts required to stop the vehicle moving backwards is calculated from a map 

25 shown in Fig. 17 which is prestored in the control unit 80. In this map, when the road surface slope 0 is 0, the torque 
Ts is also 0, and the torque Ts required to prevent the vehicle moving backwards also increases as the road surface 
slope 0 increases. 

[0135] In a next step S36, the torque 7s is set to a temporary creep torque target value Ttd. In a next step S37, it is 
determined whether or not the brake signal BRK 'xs ON, and the vehicle speed VSP is 0 km/hr. When the brake signal 
30 BRKis ON and the vehicle speed VSP is 0 km/hr, the routine proceeds to a step S38. When either of these conditions 
is not satisfied, the routine proceeds to a step S42. 

[0136] lnthestepS38, it is determined whether or not the state where the vehicle speed VSP is 0 km/hr has continued 
for a predetermined time t1. The predetermined time f 1 is a value for determining whether or not the vehicle is really 
in the stationary state, and is set to one second or two seconds. When the vehicle speed VSP continues to be 0 km/ 
35 hr for the predetermined time t 1, the routine proceeds to a step S39. When the vehicle speed VSP is 0 km/hr for less 
than the predetermined time 1 1, the routine proceeds to the step S42. 

[0137] The routine therefore directly proceeds to the step S39 from the step S38 when the brake pedal is depressed 
and the vehicle is completely stationary. If the vehicle moves slightly or the brake pedal is not depressed, or if the 
predetermined time t1 has not elapsed from when the vehicle is stationary, the routine proceeds to the step S42. 
40 [0138] In the step S39, the smaller of the output torque limit Tolmt calculated in the step S32 and the temporary 
target value Ttd of the engine 71 during idle running is set as the target output torque Tt When the target output torque 
Tt exceeds the limit Tolmt which can be output during idle running, the engine 71 stalls. Hence, a limit is applied to the 
target output torque Tt so that the engine 71 does not stall. 

[0139] In a last step S40, the solenoid valve 50 or solenoid valve 55 of Fig. 12 is controlled so that the transmission 
45 torque of the power rollers 20 coincides with the target output torque Tt. 

[01 40] On the other hand, in the step S42, a target output torque basic value Tot is computed according to the vehicle 
speed VSP by looking up a map shown in Fig. 18 which is prestored in the control unit 80. The target output torque 
basic value Tot is a target value of the creep torque on a road surface slope not exceeding a predetermined slope 
angle 07. 

so [0141] In a next step S43, in the same map, a target output torque basic value TO when the vehicle speed VSP is 0 
km/h, is calculated. A creep torque correction amount A 7 according to the road surface slope 0 is computed from AT= 
Ts - TO using the output torque Ts in the state where the vehicle is stationary, but the same correction amount is applied 
even when the vehicle is running. 

[0142] In a next step S44, the temporary target value Ttd is calculated by adding the correction amount AT to the 
55 target output torque basic value Tot calculated in the step S42. However, even when the correction amount AT is a 
negative value, i.e., even when the road surface slope 0 does not exceed 0 1, the correction amount ATis set to 0 when 
ATis negative so that the temporary target value Ttd does not fall below the target output torque basic value 7dfin the 
map of Fig. 18. 
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[0143] In this way, after the temporary target value Ttd is determined, the smaller of the output torque limit Tolmt of 
the engine 71 during idle running and the temporary target value Ttd Is selected as the target output torque 77 in the 
step S39, as described above, and the solenoid valve 50 or solenoid valve 55 is controlled according to the target 
output torque Tt in the next step S40. 
s [0144] Under this routine, when the brake signal BRK is ON and the vehicle is starting from the stationary state, the 
temporary target value Ttdol the creep torque which can prevent the vehicle from moving backwards is calculated 
relative to the road surface slope 9 by the process of the steps S34-S36, and the transmission torque of the toroidal 
CVT 2 is controlled in the steps S39 and S40 based on the temporary target value Ttd. 

[0145] After the brake is released, the temporary target value Ttd of the creep torque is calculated according to 
. 10 vehicle speed VSP and the road surface slope 6 by the process of the steps S42-44, and the transmission torque of 
the toroidal CVT 2 is controlled in the steps S39 and S40 based on the temporary target value Ttd. 
[01 46] In all these processes, the temporary target value Ttd is calculated based on the road surface slope 0, so the 
vehicle can start smoothly regardless of the road surface slope without generating a difference of creep torque when 
the brake is released. 

15 [0147] The map of Fig. 18 which calculates the target torque basic value Tot from the vehicle speed VSP, gives a 
larger target output torque basic value Tor the lower the vehicle speed VSR When the vehicle speed VSP is negative, 
i.e., when the vehicle is moving backwards on an uphill slope, an even larger target output torque basic value Tot is 
supplied. 

[0148] When there is an error in the forward/reverse acceleration p7of the vehicle detected by the sensor 86, an 
20 error also occurs in the value of the road surface slope 6, and there is a possibility that the vehicle will move backwards 
when the brake is released. Even in this case, if the vehicle speed takes a negative value due to the backward motion, 
the map of Fig. 18 supplies a larger target output torque basic value Tor than when the vehicle speed VSP is 0 km/hr, 
so the backward motion of the vehicle is stopped. In other words, even when the brake is released from the stationary 
state on an uphill slope, and the vehicle begins to move backwards for some reason, the backward motion of the vehicle 
25 can be stopped due to increase of creep torque. 

[0149] As a result, the target output torque Tt of the IVT varies as shown in Fig. 19 according to the vehicle speed 
VSP and road surface slope 6. Point A in the figure corresponds to a target output torque Tt when the road surface 
slope 9 is zero, the brake signal BRK is ON and the vehicle speed VSP is zero. 

[0150] In the above creep torque control, it is essential to distinguish between a positive and negative vehicle speed 
30 VSP corresponding to forward motion and backward motion of the vehicle, and this invention can satisfy this require- 
ment. Also, in the steps S37 and S38, it is determined whether or not the vehicle speed VSP is 0 km/hr, and according 
to this invention, the vehicle speed VSP can be detected at high precision in the low vehicle speed region including 0 
km /hr. Therefore, this invention has a particularly desirable effect when it is applied to control of creep torque at low 
vehicle speeds. 

35 [0151] Further, as a sensor is not necessary to detect the rotation speed No of the output shaft 6 of the IVT, the 
number of sensors can be reduced. 

[01 52] A variation relating to calculation of the correction amount ATperformed in the step S43 will now be described. 
Here, the correction amount ATis calculated by the equation AT= TO + Ts. The output torque Ts which can stop the 
vehicle moving backwards is added to the target output torque basic value TO when the vehicle speed VSP is 0 km/ 
40 hr, so the vehicle moves forward under a creep torque alone when the brake pedal is released from the stationary state 
even on an upward sloping surface. 

[0153] In this case also, the creep torque produced in the stationary state is based on the torque Ts which stops 
reverse motion when the brake is released due to the processes of the steps S34 - S36. Therefore, a creep torque 
sufficient to cause forward motion of the vehicle is produced only when the brake has been released without unnec- 
45 essarily increasing the creep torque when braking force is applied. 

[0154] The contents of Tokugan 2000-220654, with a filing date of July 21 , 2000 in Japan, are hereby incorporated 
by reference. 

[0155] Although the invention has been described above by reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described above. Modifications and variations of the embodiments de- 
50 scribed above will occur to those skilled in the art, in light of the above teachings. 

[0156] The embodiments of this invention in which an exclusive property or privilege is claimed are defined as follows: 



Claims 

55 

1 . A controller for an infinitely variable transmission, the infinitely variable transmission comprising an input shaft (1 ), 
a continuously variable transmission (2) which outputs the rotation of the input shaft (1 ) at an arbitrary speed ratio, 
a fixed speed ratio transmission (3) which outputs the rotation of the input shaft (1 ) at a fixed speed ratio, a differ- 
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ential mechanism (5) having a first rotation element (5A) which rotates according to an output rotation of the con- 
tinuously variable transmission, a second rotation element (5B) which rotates according to an output rotation of 
the fixed speed ratio transmission (3), and a third rotation element (5C) which varies a rotation direction and a 
rotation speed according to a difference between a rotation speed of the first rotation element (5A) and a rotation 
speed of the second rotation element (5B), and an output shaft (6) joined to the third rotation element (5C), the 
controller comprising: 

a first sensor (81 , 83) which detects the rotation speed of the input shaft (1); 

a second sensor (82) wh ich detects the output rotation speed of the continuously variable transmission (2); and 
a microprocessor (80) programmed to; 

calculate the rotation speed of the output shaft (6) from the rotation speed of the input shaft (1) and the 
output rotation speed of the continuously variable transmission (2) (S3, S13, S23); and 
control the speed ratio of the continuously variable transmission (2) based on the rotation speed of the 
output shaft (6). 

The controller as defined in Claim 1 , wherein the fixed speed ratio transmission (3) comprises an input gear (3A) 
connected to the input shaft (1 A), and the first sensor (81 , 83) comprises a sensor (81 ) which detects the rotation 
speed of the input gear (3A). 

The controller as defined in Claim 1 , wherein the second sensor (82) comprises a sensor (82) which detects the 
rotation speed of the first rotation element (5A). 

The controller as defined in Claim 1 , wherein the differential mechanism (5) comprises a planetary gear set (5) 
wherein the first rotation element (5A) is a sun gear (5A), the second rotation element is a planet carrier (5B), and 
the third rotation element (5C) is a ring gear (5C), the planet carrier (5B) supporting a planet gear (50) which 
meshes with the sun gear (5A) and the ring gear (5C) and is free to rotate around the sun gear (5A), and the 
microprocessor (80) is further programmed to calculate a speed ratio of the continuously variable transmission (2) 
from the rotation speed of the input shaft (1 ) and the output rotation speed of the continuously variable transmission 
(2) (S2), and calculate the rotation speed of the output shaft (6) from the speed ratio of the continuously variable 
transmission (2) and a ratio of the number of teeth of the sun gear (5A) and the number of teeth of the ring gear 
(5C)(S3). 

The controller as defined in Claim 1, wherein the differential mechanism (5) comprises a planetary gear set (5) 
wherein the first rotation element (5A) is a sun gear (5A), the second rotation element is a planet carrier (5B), and 
the third rotation element (5C) is a ring gear (5C), the planet carrier (5B) supporting a planet gear (50) which 
meshes with the sun gear (5A) and the ring gear (5C) and is free to rotate around the sun gear (5A), and the 
microprocessor (80) is further programmed to calculate a rotation speed of the planet carrier (5B) from the rotation 
speed of the input shaft (1) and the fixed speed ratio, calculate a rotation speed of the sun gear (5A) from the 
output rotation speed of the continuously variable transmission (2), and calculate the rotation speed of the output 
shaft (6) from the rotation speed of the planet carrier (5B), the rotation speed of the sun gear (5A), and a ratio of 
the number of teeth of the sun gear (5A) and the number of teeth of the ring gear (5C) (S13). 

The controller as defined in Claim 1, wherein the first sensor (81 , 83) comprises a sensor (83) which detects a 
rotation speed of the second rotation element (5B). 

The controller as defined in Claim 1 , wherein the infinitely variable transmission further comprises a first clutch (9) 
which interrupts transmission of the output rotation of the fixed speed ratio transmission (3) to the second rotation 
element (5B), and a second clutch (1 0) which transmits the output rotation of the continuously variable transmission 
(2) to the first rotation element (5A), and the microprocessor (80) is further programmed to directly calculate the 
rotation speed of the output shaft (6) from the output rotation speed of the continuously variable transmission (2) 
when the first clutch (9) interrupts transmission of the output rotation of the fixed speed ratio transmission (3) to 
the second rotation element (5B) t and the second clutch (10) transmits the output rotation of the continuously 
variable transmission (2) to the first rotation element (5A) (S14, S24). 

The controller as defined in Claim 1 , wherein the input shaft (1) is connected to a vehicle engine, the output shaft 
(6) is connected to a vehicle drive shaft (11), and the microprocessor (80) is further programmed to calculate a 
vehicle speed from the rotation speed of the output shaft (6) (S33), and control a transmission torque of the con- 
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tinuously variable transmission to increase as the vehicle speed decreases (S42). 

9. The controller as defined in Claim 8, wherein the microprocessor (80) is further programmed to control the trans- 
mission torque of the continuously variable transmission to be larger when the vehicle speed is a negative value 
than when the vehicle speed is a positive value (S42). 

10. The controller as defined in Claim 9, wherein the controller further comprises a sensor (86) which detects an uphill 
slope of a road surface, and the microprocessor (80) is further programmed to control the continuously variable 
transmission to increase the transmission torque as the uphill slope of the road surface becomes larger. 

11. A control method for an infinitely variable transmission, the infinitely variable transmission comprising an input 
shaft (1), a continuously variable transmission (2) which outputs the rotation of the input shaft (1) at an arbitrary 
speed ratio, a fixed speed ratio transmission (3) which outputs the rotation of the input shaft (1) at a fixed speed 
ratio, a differential mechanism (5) having a first rotation element (5A) which rotates according to an output rotation 
of the continuously variable transmission, a second rotation element (5B) which rotates according to an output 
rotation of the fixed speed ratio transmission (3), and a third rotation element (5C) which varies a rotation direction 
and a rotation speed according to a difference between a rotation speed of the first rotation element (5A) and a 
rotation speed of the second rotation element (5B), and an output shaft (6) joined to the third rotation element (5C), 
the method comprising: 

detecting the rotation speed of the input shaft (1); 

detecting the output rotation speed of the continuously variable transmission (2); 

calculating the rotation speed of the output shaft (6) from the rotation speed of the input shaft (1) and the 
output rotation speed of the continuously variable transmission (2); and 

controlling the speed ratio of the continuously variable transmission (2) based on the rotation speed of the 
output shaft (6). 
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